Olive leaves are being used in the last decades as a potential source of beneficial compounds in medicines, cosmetics, and food industry. In this work a comparison between Palestinian wild and cultivated olive leaves extracts obtained using different solvent systems under different conditions was performed. The crude extracts were studied for their total phenol and oleuropein content, in addition to their antioxidant activity which was evaluated using DPPH free radical scavenging method and by studying their effect in stabilization of olive oil samples towards oxidation. The stability of olive oil samples enriched with extract additives was estimated by measuring peroxide values, absorption coefficients K270 and K232. The results showed that olive oil stabilizing effect of crude extract was higher than that of commonly used synthetic antioxidants such as BHT. The wild leaves extracts exhibited higher levels of DPPH inhibition than cultivated. The metabolic extract of cultivated olive leaves at pH 7 has higher total phenol content and exhibits better oil stabilizing effect in comparison to other extracts. The identification and quantization of the major phenol component of these extracts (oleuropein) was performed using TLC and HPLC. It was shown that wild olive leaves have higher oleuropein content (23.9%) than cultivated which have oleuropein content of (6.8%). The highest oleuropein content was found in wild olive leaves extract by using methanol-water 80:20 at pH = 3 and 48 h.
Introduction
Plants produce a vast and diverse assortment of organic compounds, the great majority of which do not appear to participate directly in growth and development.
These substances traditionally referred to as secondary metabolites. These components possess high ant oxidative, antimicrobial, antiviral and an inflammatory properties[1] and thus they are being intensively studied and used as natural alternatives for synthetic drugs and food additives [2] .
In Palestine, one of the most common and popularly used is the products obtained from olive tree (fruit, oil, leaves). Olive fruit and oil are rich in phenol compounds with bioactive properties providing, among other things, antiviral, antitumor and antioxidant activity [3] [4] [5] [6] [7] . However, olive leaves gather the interest of the scientific community and the industries worldwide as their health promoting benefits are constantly being shown by an ever-increasing number of scientific data [8] . They are considered as byproducts of olive farming, one of the most important activities in the Mediterranean region, representing almost 10% of the total weight of materials arriving to the olive mill. Historically, olive leaf was used for the treatment of malaria and associated fever [9] .
Olive leaf offered a capacity to lower blood pressure and increase blood flow in the coronary arteries [10] , relieved arrhythmia and prevented intestinal muscle spasms [11] . In addition, olive leaves could be used not only in medicines, cosmetics, and pharmaceuticals, but they can also be used to improve the shelf life of foods. In fact, olive leaves have been mixed with overripe olives before processing to produce oils with a more marked flavor and a higher resistance to oxidation, or they have been used directly as supplements for oils, food materials, and food additives. Also, phenol extracts of olive leaves have been obtained to perform tablets which are commercially available as dietetic products and/or food integrators [12] . Salvatore et al. 63 The adult leaves may be regarded as good source of powerful antioxidants. It has been reported that free radical-scavenging activity of leaves extracts is influenced by climatic factors, variety and harvesting stage [4] [5] . It has been proven that the free radical scavenging activity of plant extracts is mainly ascribed to the concentration of phenolic compounds present in the plants [15] . And thus they are considered as a source of powerful antioxidants [10] .
However, a recent study demonstrated that the phenolic extracts of olive leaves acted as antioxidants in the range of 50 to 200 ppm [16] .
Oleuropein, which is a secoiridoid, is a 3,4-dihydroxy-phenylethanol (hydroxytyrosol) ester with a -glucosylated elenolic acid. It is the major and the most abundant phenolic compound in olive leaves and fruits of Oleaceae [4, 17] Recently several studies focused on contents of the olive leaves and extraction of these high-added value compounds from olive leaves. Solvent extraction is a favorable process since heat sensitive materials can be recovered at low temperatures.
For this reason it is preferred for the manufacturing of polyphenol-rich products from plants for their further use in pharmacological, food and cosmetic industry [29] [30] [31] [32] .
Researchers are continuously seeking those natural antioxidants that will sufficiently protect fats and oils from oxidation. Synthetic antioxidants are effective and inexpensive, but due to their toxicity recent research has focused on antioxidant compounds derived from leaves and fruit of olive trees, numerous fruits and vegetables, as well as aromatic plants and spices. Enriched commercially available oils (olive oil, sunflower oil, palm oil and a vegetable shortening) with polyphenols by adding olive leaf extract to the product has shown higher stability [16, [33] [34] .
Although many researches were performed on the extraction of olive leaves, determination of phenolic compounds and their antioxidant activity [16, [28] [29] [30] [31] 35] The spectrophotometric analysis was performed using (Shimadzu UV-2450 UV-Visible Spectrophotometer, Japan), and HPLC analysis using an HPLC system (SHIMADZU Prominence-I LC-2030C, Tokyo, Japan) with shim-pack VP-ODS column, and UV detector was used.
Olive Leaves Collection And Preparation
Two types of fresh green olive leaves Cultivated (C) and wild (W) were collected from Beit Rima, Ramallah, West Bank in July, 2015. All samples were dried at ambient temperature [36] in good ventilated area away from direct sunlight for 3
weeks. Air-dried plant materials were ground into a fine powder under law temperature and stored at room temperature in dark for extraction.
Methods

Extraction
Samples of powdered material were extracted with two solvent systems (80% aqueous ethanol, and 80% aqueous methanol), with the volume to weight ratio of 50:1, at room temperature for different time periods under different pH values.
Extractions were carried out under intensive stirring with magnetic stirrer. The supernatant was separated from the solid residue by filtering and centrifuging for 10 min at 5000 rpm. The solvent was removed and the solid extract was totally dried under reduced pressure at 45 °C, using a rotary evaporator. The dry extracts stored at -20 °C until used for further analyses.
Determination of Total Phenolic Content (TPC)
Analysis of total phenolic content in olive leaves extracts was performed using Folin-Ciocalteu reagent according to the procedure described in literature [37] .
Briefly, 0.50 ml of solution of extract (0.20 mg/ml) was mixed with 2.00 ml of FolinCiocalteu reagent and then 2.50 ml of 7.5 % sodium bicarbonate solution is added.
The solution was incubated room temperature for 40min. The absorbance was measured at 760 nm. Gallic acid was used as standard. Total phenolic content was expressed as mg gallic acid per gram of extract (mg/g).
The Free Radical Scavenging Activity of Extracts
The free radical scavenging activity for all obtained extracts was determined using DPPH (2,2-diphenyl-1-picryl-hydrazyl) according to the method described in in µg/ml was determined from the curve showing the dependence of % activity on the concentration.
TLC and HPLC analysis of extracts
TLC analysis of standard oleurope in and obtained extract was performed on TLC plates (10 cm length) using different mobile phases. Visualization was performed by UV-light and staining by I 2 . The quantitative determination of oleurope in was performed using HPLC according to the method developed and validated by AlRimawi. F. [26, 36] , where two solvent gradient methods was used: 0.1% acetic acid in water/acetonitrile (80/ 20) with UV detection at 280 nm and isocratic elution at a flow rate of 1.0 mL/min, and injection volume was set to 10 µL.
Evaluation of the Extracts Efficiency in Stabilizing Olive Oil Towards Oxidation
The crude extracts in certain concentrations were separately added to different olive oil samples. After adding the crude extract, the stability of oil samples towards oxidation was determined. The oxidative deterioration level was assessed by the measurement of: peroxide value (PV), conjugated dienes (CD -K 232 ) and conjugated trienes (CT -K 270 ). The oxidation stability of these samples was compared with two control samples: one contains synthetic antioxidant (BHT) the second contains no additives (blank).
Determination of Peroxide Value (PV)
Determination of PV of olive oil samples was conducted according to the analytical method described in European Official Method of Analysis (Commission Regulation EEC N-2568/91-Determination of peroxide value). Chloroform, acetic acid and saturated potassium iodide solution were added to 1.0000 g of an olive oil sample and were kept in dark at room temperature for exactly 1 minute, and then deionized water was added. Titration of free iodine was carried out with 0.010 M sodium thiosulfate solution. The PV was expressed in mill equivalents of oxygen per kg of oil (meq of O 2 / kg).
Specific Absorption Coefficient at 232 nm And 270 nm ( K 232 and K 270 )
European Official Method of Analysis (Commision Regulation EEC N-2568/91) was used for the determination of specific absorption coefficients of the olive oil samples. 0.2500 g of olive oil was weighed, placed into a 25.0-mL volumetric flask and diluted with cyclohexane. The sample was homogenized using vortex. Then the absorbance of resulting solution was measured at 232 nm and 270 nm using cyclohexane as blank.
Results and Discussion
Extraction
In order to achieve the optimum extraction conditions, that enable to get high extract recovery, high total phenolic content and high antioxidant activity, three variables were examined: type of olive leaves (cultivated and wild), solvents and pH.
For each type of olive leaves exactly weighed three grams of dried and milled leaves were taken and 150.0 ml of different solvents mixture added at different pH as shown in Table 3 .1. The extraction was carried out at ambient temperature for 48h.
To determine the effects of the mentioned variables (type of leaves (wild or cultivated), pH, and solvent system), we performed all extractions at fixed time of 48
h. The data presented in the Table 3 .1 definitely confirm that the yield of solid extract from wild olive leaves was significantly higher than that from cultivated leaves.
Furthermore, the percent of solid extract from different types of olive leaves varied over a wide range ( 25-40 )%. The maximum recovery of solid extract was obtained from wild leaves using ethanolic system at pH 1. At pH 7 the methanolic extracts from both types leaves have higher recovery than ethanolic, but at lower pH vice versa. The recovery of solid extract at low values of pH was more than at higher ones. This can be explained by the fact that acidification of olive leaves increases phenolic compounds' diffusion from the plant material through cell wall disintegration.
Determination of Total Phenolic Content (TPC) of Extracts
The total phenolic content was determined using the Folin-Ciocalteu reagent.
Gallic acid was used as a standard compound and the total phenols were expressed as milligrams gallic acid per gram extract (mg GA/g extract). Table 3 .1. The phenolic content of extracts varied in response to different types of olive leaves, solvents and pH, and ranged from 49.5 to 132.6 mg GA/g of extract. However, the maximum phenolic content was determined in the methanolic extract of cultivated (132.6 mg GA/g of extract) at pH 7.
According to the data in the Table 3 .1 above, it is notable that the ethanolic wild olive leaves extracts have higher TPC than cultivated, but the methanolic extracts of cultivated leaves pH 3 and 7 contain higher levels of phenolics. Furthermore, the use of methanol resulted in higher content of phenolic compounds than ethanol at the same values of pH. This can be explained by the fact that solvents could significantly affect total phenolics due to differences in their polarities, which might influence the solubility of various constituents present in olive leaves. Hence, the selection of the appropriate solvent is one of the most importanr steps in optimizing the recovery of plant phenolics. The effect of pH on total phenolics in different extracts appears clearly so that extraction at pH 7 results in higher recovery of phenolic compounds than at pH 3 and 1.
Analysis of Olive Leaves Extracts for Oleuropein Content
TLC Analysis of Oleoropein
At this stage of work we aimed at qualitative analysis and identification of oleuropein using TLC. So we first tried to develop TLCs of standard oleuropein using the eluent systems reported in the literature [38] that are (methanol: ethyl acetate:
benzene 20:40:40) and (methanol: ethyl acetate: benzene 50:20:30), but they gave R f equal to zero, so we were to find an optimal eluent system for TLC analysis of oleuropein , which gives good separation and retention factor (R f ). Salvatore et al.
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In addition, the other peaks that appear in the chromatogram correspond to other phenolic compounds that are present in the olive leaves in much less levels than oleurppe in. The HPLC profile shows also several peaks with retention time 1.5-2.1 that can be related to the solvent used.
To evaluate the linearity range of the method, different calibration standards pH of extraction on oleurope in content were also studied. 
The Effect of Extraction Solvents and pH on Oleurope in Content
As reported in literature [28] , highly polar solvent systems are suggested to be more effective in oleuropein extraction from olive species. Thus two types of solvent systems (methanol-water, 80:20 and ethanol-water, 80:20) were used to extract oleuropein from olive leaves. However the results presented in Table 3 .2 indicate that higher oleuropein levels were observed using the methanolic system for both types of leaves. It can also be confirmed that wild leaves extraction yield is significantly higher than that of cultivated using both systems.
The influence of the extractant pH on oleuropein content obtained under optimal working conditions of the other variables was also studied (Table 3. 2) Diluted aqueous solution of hydrochloric acid was used to adjust the extractant pH values as required. As shown in Table 3 .2, higher yields of oleuropein were observed at an optimum pH of 3, while the use of higher or lower pH values caused a significant decrease in the yields of oleuropein. This may be related to higher extraction efficiency at pH 3 compared with pH 7, and lower degradation of oleurope in than pH 1. In addition, the most significant increase in oleurope in content in extract at pH 3 (23.9%) compared with that obtained at pH 7 (18.4%) was that of wild leaves using methanol. No oleuropein is detected in extracts obtained at pH 1. It can be explained by the degradation of oleurope in at this extremely low pH and that confirms the results obtained by TLC analyses. However, our results regarding the effect of pH in general agree with those of the work in the literature [39], but we obtained significantly higher yields of oleorope in. 
Effect of Extraction Time on Oleurope in Content
The Antioxidant Activity of Extracts
DPPH Radical Scavenging Activity
The results of determinantion of DPPH radical scavenging activity of the studied extracts are included in Table 3 .4. They are presented as the concentration of extract that exhibits a 50% inhibition of DPPH in its 0.020 M solution (IC 50 ). The obtained data Indicate that wild olive leaves extracts has higher antioxidant activity than cultivated. While ethanolic extracts of both types of leaves shows lower activity than metahnolic except those obtained at pH 1. We can also note that the extraction at higher values of pH results in higher radical scavenging activity of extract. These results agrees with the total phenolic content data with the exception of methanolic extracts at pH 3 and 7, where the cultivated leaves extracts contain higher levels of total phenolics. However the highest DPPH inhibition was demonstrated by methanolic extracts from both wild and cultivated leaves at pH 7.
The 50% DPPH inhibition was achieved using these extracts with concentration of 27.3 and 27.8 µg/ml respectively.
The Efficiency of Extracts in Stabilizing Olive Oil Towards Oxidation
Two extracts with the higher total phenolic content and DPPH free radical scavenging activity (that are methanolic extracts of wild and cultivated leaves at pH 7) were chosen to be studied for their efficiency in increasing the oxidation stability of olive oil in comparison with one of the commercial synthetic antioxidants (butylated hydroxytoluene BHT). Table 3 .5. It is evident from the results Table 3 .5 that adding extracts with 400 ppm lowered the PV by 12-19 % with respect to blank. On the other hand, the addition of pure synthetic antioxidant (BHT) with a concentration of 200 ppm decreased the PV by 5% which is also shown in Figure 3 .5 the rate of decline in PV was the highest in the oil sample stabilized with methanolic cultivated extract at pH 7, followed by wild extract. In conclusion, the previous results have shown that the cultivated crude extract which has higher total phenolics is more effective in stabilizing olive oil than wild. However, both crude extracts have higher potent towards enhancing the oxidative stability of oil than synthetic antioxidant (BHT). 
Solvent
Effect of Concentration on Antioxidant Activity
In order to study the effect of the concentration of the extracts on their ability to protect olive oil samples from oxidation, four oil samples with cultivated methanolic extract at pH 7 (having the higher oil stabilizing effect) at different concentrations (50, 100, 300, 500) ppm were prepared. These samples were kept at 25˚C for 25 days and the oxidative deterioration level was monitored by measurement of PV and K 232 factors. The results are shown in Table 3 .6. The data presented in Table 3 .6 confirm that the most effective extract concentration was 100 ppm, since it has the higher ability of inhibiting oxidation (has the lowest peroxide value and K 232 ). Lowering in the ability of 300 and 500 ppm to stabilize oil samples is related to the fact that at high concentrations they act as prooxidants. 
The Effect of Extraction pH And Solvent on the Antioxidant Activity of Extracts
To study the effect of extraction solvent and pH on the efficiency of extracts in enhancing the oxidative stability of oil, samples of oils enriched with wild methanolic extracts at pH 7, and pH 3 and ethanolic extract at pH 3 were prepared.
These samples were kept at 25˚C to investigate their oxidation stability. Values of peroxide and K factors shown in Table 3 .7. The results are in agreement with those obtained for total phenolic content and DPPH scavenging activity. Also, for the same type of olive leaves and solvent, the extract obtained at pH 7 exhibited the higher antioxidant activity than pH 3 which is compatible with total phenolic content and DPPH inhibition activity.
Conclusions
The present work, has shown that there are significant variations in total phenolic and oleuropein content and antioxidant activity of olive leaves extracts based on the type of leaves (wild or cultivated), the solvent used and pH of extraction. The highest oleuropein content in olive leaves extract was obtained from wild olive leaves using both methanolic and ethanolic extraction systems, which is considered as a valuable data about the potential for industrial mass production of oleoropein. The cultivated leaves extract at pH 7 has the highest TPC and antioxidant activity. These extracts exhibited oxidative stabilization effect of olive oil up to a greater extent than commonly used commercial synthetic antioxidant (BHT). Therefore, olive leaves can be considered as a potential antioxidant source of natural origin.
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